After mixing alcohol and hypochlorite the inoculum was added immediately when studying the sporicidal activity of fresh mixtures and after a time-lapse of up to 24 hours when studying the activity of ageing mixtures: 0 04 ml spore suspension was added, which gave about 107 spores/ml of test mixture. At timed intervals up to 60 minutes after adding inoculum 1-ml samples were taken and added to 9 ml of an 0 5 % aqueous solution of sodium thiosulphate. Several possible inactivators were tested by the method proposed in British Standard 3286 (1960 
investigated the sporicidal activity of hospital disinfectants. Freshly prepared mixtures of methanol and hypochlorite were far more sporicidal than any proprietary products they tested. They suggested a contact time of 15 minutes with a freshly prepared solution containing 50% methanol and enough sodium hypochlorite to provide 2000 parts per million available chlorine (ppm av. Cl) in distilled water for disinfecting clean, heat-sensitive instruments except those of plated metal. The length of time that the mixture retained activity was not reported. We measured the sporicidal activity of various mixtures of alcohol and hypochlorite when freshly prepared and for up to 24 hours after mixing. The available chlorine in the mixtures was chemically assayed in parallel with the sporicidal studies to see whether sporicidal activity was proportional to the amount of available chlorine.
Material and methods
The alcohols used were methanol (AnalaR), propan-l-ol (AnalaR) and propan-2-ol (AnalaR) (Hopkin and Willians Ltd), ethanol (absolute) (James Burrough Ltd), and ethanediol (SLR) (Fisons Ltd). The hypochlorite used was sodium hypochlorite solution (10Y%-14% w/v available chlorine) (BDH Ltd). Sterile distilled water was used as diluent. Bacillus subtilis, NCTC 10073, spores were used in the sporicidal studies. Kelsey et al. (1974) After mixing alcohol and hypochlorite the inoculum was added immediately when studying the sporicidal activity of fresh mixtures and after a time-lapse of up to 24 hours when studying the activity of ageing mixtures: 0 04 ml spore suspension was added, which gave about 107 spores/ml of test mixture. At timed intervals up to 60 minutes after adding inoculum 1-ml samples were taken and added to 9 ml of an 0 5 % aqueous solution of sodium thiosulphate. Several possible inactivators were tested by the method proposed in British Standard 3286 (1960 The available chlorine in freshly prepared and ageing mixtures was assayed by a sodium arsenite titration method (Coates, 1977 (Fig. 1) .
The alcohol/hypochlorite mixtures tested and the minimum log reductions in viable spore count achieved in a 15-minute exposure period are shown in Table 1 . Two patterns of sporicidal activity were found over the eight-hour period after mixing. With ethanol, propan-1-ol, and propan-2-ol sporicidal activity was high initially but decreased as the mixture aged. Conversely, with methanol (15 %) and ethanediol sporicidal activity was low initially but increased as the mixture aged. In only one case was significant sporicidal activity found in 24-hourold mixtures. A mixture of 50% methanol and 2000 ppm av. Cl achieved a five-log reduction when freshly prepared and for at least eight hours after preparation. The performance of 25Y% methanol and 2000 ppm av. Cl was almost as good. Mixtures of 25% propan-1-ol and hypochlorite, 15% propan-l-ol and hypochlorite, and 20% propan-2-ol and hypochlorite achieved five-log reductions when freshly prepared and for at least three hours after preparation. Sporicidal activity then decreased rapidly: less than one-log reduction was achieved six hours after preparation. Table 2 shows the minimum log reductions in viable spore count achieved by the most effective mixtures in different contact times. A mixture of 50% methanol and 2000 ppm av. Cl achieved a five-log reduction in 10 minutes when freshly prepared and for at least eight hours after mixing. A mixture of 25% methanol and 2000 ppm av. Cl showed relatively little sporicidal activity in 10 minutes when freshly prepared, but activity increased to a significant level within two to three hours. A mixture of 15% propan-2-ol and 2000 ppm av. C1 mixture achieved a five-log reduction in 30 minutes when freshly prepared and for at least four hours after mixing, but activity then diminished. A similar reduction was achieved by a mixture of 15% propan-1-ol and 2000 ppm av. Cl, but with 60 minutes' contact. CHEMICAL 
STUDIES
Adding alcohol to hypochlorite effected a progressive loss of available chlorine with time. The rate at which available chlorine was lost varied with (a) the initial concentration of alcohol, (b) the alcohol used, and (c) the initial hypochlorite concentration. Table 3 shows the rates of loss of available chlorine in mixtures of 15%, 25%, and 50% methanol and 2000 ppm av. Cl. The greater the alcohol concentration the quicker was the rate of loss of available chlorine. Similar results were obtained with each of (Table 4) . Two patterns were found. In mixtures containing ethanol or propan-2-ol a slight rise in pH occurred as the level of available chlorine fell (Table 3) . However, in mixtures containing methanol, propan-1-ol, or ethanediol the pH dropped considerably as the level of available chlorine fell. The reductions varied with the alcohol and alcohol concentration. 15%Methanol 111 110 10-7 100 94 85 6-0 25 % Methanol 11-2 10-4 9 5 7 0 7 0 7-0 7 0 50 % Methanol 11-4 8-9 8-0 7-7 7-7 7-6 7-6 25%Ethanol 115 12-0 12-2 12-2 12-2 12-2 12-2 25 % Propan-1-ol 11-6 11-3 110 10-6 10 0 9-8 8-4
25 % Propan-2-ol 11-7 12-1 12-3 12-3 12-3 12-3 12-2 25 % Ethanediol 10-8 9-8 9-0 8-1 6-0 We do not know why mixtures of alcohol and hypochlorite are so highly sporicidal. The alcohol, which alone has no sporicidal activity, may 'soften' the spore coat facilitating penetration by hypochlorite ion, hypochlorous acid, and, possibly, an alcoholhypochlorite reaction product. Sporicidal activity cannot be directly correlated with available chlorine. With mixtures of alcohol and hypochlorite containing ethanol, propan-1-ol, or propan-2-ol sporicidal activity decreases as available chlorine diminishes. However, with mixtures containing methanol or ethanediol the opposite occurs. In mixtures containing ethanol or propan-2-ol the pH increases as available chlorine diminishes. However, with mixtures containing methanol, propan-l-ol, or ethanediol the pH decreases.
Hence, different mechanisms seem to be involved. The microbiocidal activity of available chlorine is greatly affected by pH (Sykes, 1967) . At a high pH (pH 11 and above) almost all available chlorine is present in the form of hypochlorite ion, which is relatively inactive. As pH decreases available chlorine progressively takes the undissociated, uncharged form of hypochlorous acid, which is extremely active. Hence chemical reactions between alcohols and hypochlorite that result in a decrease in pH may effect increased microbiocidal activity. Certainly as mixtures containing methanol or ethanediol age pH decreases and sporicidal activity increases, whereas with mixtures containing ethanol or propan-2-ol pH increases and sporicidal activity decreases. However, with propan-l-ol mixtures pH decreases with age and sporicidal activity decreases. Hence pH is not the only factor involved.
We recognise certain practical snags with the mixtures investigated. The alcohol and hypochlorite components must be dispensed separately. Alcohol is a solvent. Hypochlorite is corrosive and seriously inactivated by organic matter.
In other experiments we have shown that the sporicidal activity of mixtures is greatly increased by buffering to a lower pH. In this way it is possible to devise mixtures containing much lower concentrations of alcohol and hypochlorite that are just as sporicidal. This study will be reported in another paper.
alcohol and hypochlorite. 
